In the present work, we investigate how the degree of ripeness (low, low-medium, medium and medium-high) aff ects the physical and compositional changes, as well as antioxidant properties of pomegranate fruit (cv. Mollar de Elche). The skin, pellicle, seed and juice were analysed. The fruit mass increased and the fruit skin became reddish (higher a* and lower h*) as the fruit ripening progressed. The lowest concentrations of fl avonoids and hydrolysable tannins were recorded in skin and pellicles at medium-high maturity stage, which explains the decrease in the total phenols and reducing power during ripening of pomegranate. On the contrary, the highest concentration of fl avonoids (165 mg of quercetin equivalents per 100 mL of juice) was determined in the juice at the most advanced ripening stage, concomitant with the highest total phenols (1695 mg of gallic acid equivalents per 100 mL of juice). Higher DPPH scavenging activity and an increase in the reducing power of juice were also observed during ripening. The trend of the above-mentioned properties allowed describing the fruit development and maturity.
Introduction
Spain is considered one of the most important producers of pomegranate in Europe. Its production is concentrated in the Communities of Valencia, Andalusia and Murcia (1); however, 90 % of the production is from Alicante (in the south of Valencian Community), more specifi cally of the municipalities of Elche, Albatera and Crevillente, in order of importance (2) .
The main cultivar planted in Spain is Mollar de Elche, followed by Valenciana (3) . Nevertheless, some authors also refer to White as an important cultivar (4) . Mollar de Elche cultivar is referred to as one of the most prized in the world because of its remarkable fl avour and high concentration of antioxidants (5) . Moreover, diff erent characteristics of cultivars may also be due to their diff erent harvest periods. Valenciana cultivar, for example, is harvested in early August (3), with very litt le sun damage and lower risk of pest att ack or bad weather, but it has low yield, average to poor internal fruit quality, and small fruit size (3) . On the other hand, Mollar de Elche cultivar is harvested much later (late September to mid-November) (3), providing more sun damage and cuts. However, it is characterised by greater productivity, excellent quality, (3) . Thus, the harvesting time is an aspect of particular importance since an early harvest may inhibit the development of the characteristic colour, fl avour and aroma of pomegranate, while fruits harvested too late may have a reduced shelf life and greater sensitivity to disease (6) .
During the development and growth, the fruit passes through various stages of ripening, which result in a variety of physiological, biochemical and structural processes (7) . The chemical changes that occur during fruit ripening will aff ect the nutritional and benefi cial health properties of pomegranate, so it is important that they are harvested in a good ripening stage (6) because it will aff ect fruit quality and the damage that may arise during their storage (8) . In addition to cultivar and ripening stage, the fruit quality is also strongly dependent on farming region, climate and cultural practices (9, 10) .
Some studies have been carried out to follow pomegranate ripening, focusing on phenolic and mineral contents in skin (5, 6, 9) and on the chemical properties and antioxidant activity of arils (6, 8, 9, 11, 12) . Concerning juices, physicochemical properties were determined during the 26th and 32nd week, in three stages of ripening, and between the 20th and 140th day aft er fruit sett ing by Gil et al. (11) , Al-Maiman and Ahmad (12) and Zarei et al. (13) , respectively. Previously, Hernández et al. (14) had studied the evolution of anthocyanins during ripening of new clones of pomegranate, namely ME16, VA1, PTO8, BA1 and MA2. Generally, the studies performed until now have shown that total phenolic content increased at an early stage of growth but thereaft er decreased during maturation. However, some exceptions were observed.
A few studies have been conducted on both the chemical composition and antioxidant activity of diff erent pomegranate constituents. Eghdami et al. (15) , for example, studied the antioxidant activity in the skin and juice of three pomegranate cultivars, Elfalleh et al. (16) investigated phenolic compounds and antioxidant activity in the skin, seed, leaf and fl ower of three cultivars, and Gözlekçi et al. (17) determined the phenolic compound contents in seeds, juice and skin of four pomegranate cultivars. Nevertheless, so far, no study has been performed on physicochemical changes and antioxidant activity of several pomegranate components (e.g. skin, pellicle, arils and juice) during ripening. Skin and seeds are by-products of pomegranate juice industry, representing an additional cost for companies and they may also cause serious environmental problems. On the other hand, they are considered a cheap source of valuable components, allowing the recovery of target compounds to be used as functional additives in diff erent products such as food and cosmetics.
The main objectives of the present study are to investigate the changes observed in the skin colour of the fruit, in the length and diameter of the seed, as well as the pH and total soluble solids and total monomeric anthocyanin contents in pomegranate juice during ripening. Simultaneously, the contents of hydrolysable tannins, fl avonoids and total phenols, as well as the antioxidant activity (DPPH radical scavenging activity and reducing power), were determined in four pomegranate components, namely, skin, pellicle, juice and seed, during four ripening stages (low, low-medium, medium and medium-high) of Mollar de Elche cultivar. This cultivar has been chosen because it is one of the most consumed in Spain and highly appreciated by consumers. Furthermore, new knowledge into physicochemical and biological properties of each pomegranate components during ripening of Mollar de Elche cultivar will be achieved in order to valorise some of its components.
Materials and Methods

Pomegranate samples
The pomegranate cultivar studied in this work was Mollar de Elche from Valencia, Spain. The fruits were collected at four ripening stages (Fig. 1) , namely low, low--medium, medium and medium-high, taking into account the colour of the fruit skin. The low ripening stage is characterised by immature pomegranates with green skin colour, the low-medium is an early ripening stage in which the skin colour is still green or yellow-green, medium stage pomegranates with reddish-yellow colour are suitable for the export market, and the medium-high stage includes ripe pomegranates with reddish skin colour (Fig.  1a) . The selected ripening stages corresponded to the BBCH 81, 83, 85 and 87 indices, according to Meier (18) and Melgarejo and Salazar (19) .
Three lots of samples at each ripening stage were made, each containing three fruits, collected from different trees in the same experimental fi eld. Each lot was analysed in duplicate. The fruits were transported to the laboratory under refrigeration conditions. Then, each pomegranate was separated into its components, namely, arils, skin and pellicle (Figs. 1b-d) . Aft er freezing, the skin and pellicle were lyophilized (Scanvac, Coolsafe, Lynge, Denmark) for 2 days. The arils were frozen until further use. The juice was extracted by squeezing the seeds without crushing them, and stored frozen; the seeds without juice were also stored for further analysis (Figs. 1e and f).
Fruit colour and seed dimensions
The skin colour was evaluated in three pomegranates at each ripening stage (fi ve readings per fruit) with a colourimeter Minolta CR-400 (Osaka, Japan) using CIELab scale. L*, a* and b* coordinates were measured, where L* varies between 0 (completely black) and 100 (completely white), a* between -100 (green) and +100 (red), and b* between -100 (blue) and +100 (yellow). Furthermore, the chroma (C*) and hue angle (h*) values were determined according to Zaouay et al. (20) and Manera et al. (5) by the following equations:
where 0° is red-purple, 90° is yellow, 180° is bluish-green, and 270° is blue. 
Total soluble solids, pH and total monomeric anthocyanin content in pomegranate juices
The content of total soluble solids in and the pH of the pomegranate juices were measured with an Abbe refracto meter (Optic Ivymen System, Madrid, Spain) and potentiometer (370 pH meter; Jenway, Essex, UK), respectively.
The total monomeric anthocyanin content in the pomegranate juices during the four ripening stages was estimated by the pH diff erential method, adapted from the methods used by Rajasekar et al. (22) and Bchir et al. (23) . This method consists in using two buff er systems: potassium chloride buff er, pH=1.0 (0.025 M), and sodium acetate, pH=4.5 (0.4 M). A volume of 250 μL of juice was diluted with buff ers at pH=1.0 and 4.5 in 25-mL fl asks and allowed to stand for 30 min at room temperature. Subsequently, the absorbance was read on a UV-Vis spectrophotometer (Genesys 10UV; Thermo Scientifi c, Madrid, Spain) at the wavelengths of 510 and 700 nm, and determined by the equation: where A is absorbance, M r is molecular mass (449.2), DF is dilution factor, and ɛ is molar absorption coeffi cient (26 900). All measurements were performed in duplicate.
Preparation of pomegranate skin, pellicle, juice and seed extracts
The extraction of fl avonoids, hydrolysable tannins and compounds with antioxidant activity present in the skin, pellicle and seeds of pomegranates was based on the method described by Bchir et al. (23) and Tehranifar et al. (10) . Approximately 1 g of skin, pellicle and seeds was crushed and mixed with 20 mL of methanol/water solution (4:1, by volume) at room temperature for 5 h under agitation (RCT Model B; IKA, Staufen, Germany) with a frequency of 50×g. Then, the extracts were fi ltered, frozen and placed in the lyophiliser (Scanvac, Coolsafe) for 2 days. The extract obtained was redissolved with methanol/water to a concentration of 50 mg/mL and covered with aluminium foil under freezing until further analysis.
The pomegranate juice was only fi ltered and diluted with methanol/water solution. The extractions were made in duplicate.
Flavonoids
The total fl avonoid content was determined by the method described by Viuda-Martos et al. (24) , with slight modifi cations. A volume of 0.3 mL of NaNO 2 (5 %, by mass per volume) was added to diff erent concentrations of skin, pellicle and seed extracts and juice (1 mL) and aft er 5 min 0.3 mL of AlCl 3 (10 %, by mass per volume) were added and mixed. Aft er 6 min, 2 mL of NaOH (1 M) were added. The absorbance was read at 510 nm and fl avonoids were quantifi ed using a standard curve of quercetin (10-160 μg/mL). Flavonoid content in skin, pellicle and seeds was expressed in mg of quercetin equivalent (QE) per g of extract and in the juice in mg of QE per 100 mL of juice. The total fl avonoid content was assessed in duplicate.
Hydrolysable tannins
The content of hydrolysable tannins was determined by the method described by Elfalleh et al. (16) . To diff erent concentrations of skin, pellicle and seed extracts and juice (1 mL), 5 mL of 2.5 % KIO 3 were added and stirred for 10 s. The absorbance was measured at 550 nm. The blank corresponded to methanol/water (4:1, by volume). Diff erent concentrations of tannic acid solutions (0.025 to 1.6 g/L) were used for calibration. Results were expressed in mg of tannic acid equivalent (TAE) per g of skin, pellicle or seed extract or mg of TAE per 100 mL of juice. The measurements were done in duplicate.
Determination of total phenolic content
The total phenolic content of each sample was determined by Folin-Ciocalteu method, described by Singleton and Rossi (25) . To 8 mL of diff erent solutions of pomegranate components (skin, pellicle, seeds or juice) 500 μL of Folin-Ciocalteu reagent were added. The blank and standards were prepared similarly, replacing the sample by methanol and standard, respectively. Aft er 3 to 8 min, 1.5 mL of saturated sodium carbonate solution were added. Aft er 2 h the absorbance values were read at 765 nm. A calibration curve was obtained with gallic acid (0.25 to 5 mg/L) and the results were expressed in mg of gallic acid equivalent (GAE) per g of skin, pellicle or seed extract or mg of GAE per 100 mL of juice. The measurements were done in duplicate.
DPPH radical scavenging activity
DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging activity was determined by the procedure described by Delgado et al. (26) with some modifi cations. A mass of 0.0024 g of DPPH was dissolved in 100 mL of methanol to obtain a solution of 6.09·10-5 mol/L. The skin, pellicle and seed extract solutions were diluted in methanol/water in a ratio of 4:1 (by volume) and 300 μL of these solutions were added to 2.7 mL of DPPH methanolic solution. Aft er 1 h in the dark at room temperature, the absorbance was read at 517 nm. Antioxidant activity was expressed as the percentage of scavenging activity according to the following equation:
where A DPPH is the absorbance of the DPPH solution and A sample is the absorbance of the sample. The blank was made with methanol/water in a ratio of 4:1 (by volume). The extract concentration providing 50 % of DPPH radical scavenging activity (EC 50 ) was calculated from the graph of DPPH radical scavenging activity percentage vs. extract concentration. When using juice, the DPPH radical scavenging activity was determined in 300 μL of diluted juice solutions. Each solution was analysed in duplicate.
Reducing power
The reducing power of the extracts was determined using the procedure described by Delgado et al. (26) . To 1.0 mL of the skin, pellicle and seed extract solutions at diff erent concentrations 2.5 mL of 0.2 M phosphate buffer (pH=6.6) and 2.5 mL of 1 % (by mass per volume) K 3 [Fe(CN) 6 ] were added. Aft er shaking, the mixture was incubated at 50 °C for 20 min. A volume of 2.5 mL of 10 % trichloroacetic acid (by mass per volume) was added with further stirring. The same volume of the mixture was transferred to another test tube, to which 2.5 mL of distilled water and 0.5 mL of 0.1 % (by mass per volume) FeCl 3 were added. The absorbance values were read at 700 nm. The EC 50 values were determined from the concentration of sample solutions that gave an absorbance of 0.5. Each solution was analysed in duplicate. In addition, Pearson´s test was applied to analyse the existence of signifi cant relationships between the detected compounds and the antioxidant activity.
Statistical analysis
Results and Discussion
Physical characteristics of fruits and seeds of pomegranate (cv. Mollar de Elche) during ripening
Signifi cant diff erences in the total mass of the fruit and of its components (skin, pellicles and arils) during ripening (at four maturity stages) were found ( Table 1) . As expected, the total fruit mass increased from 172 to 412 g during maturation. The skin mass increased from 55 to 175 g, of pellicle from 2 to 4 g, and of arils from 110 to 221 g. Identical trends were reported by Al-Maiman and Ahmad (12) ; however, the mass reported by these authors was lower than ours because another pomegranate cultivar was analysed.
Among pomegranate components, arils were those that contributed the most to the fruit mass (between 53 and 65 %), followed by the skin (31-43 %) and pellicle (1.0-1.4 %). The percentage of arils decreased during ripening, unlike that of the skin, which increased in the last ripening stage (medium-high), indicating a higher contribution of the skin to the fruit mass at that stage.
According to Fawole and Opara (27, 28) , the colour of pomegranate skin is not a reliable indicator of their degree of ripening, or that pomegranates are ready to consume. However, it is an important factor in fruit marketing because the consumers tend to select fruit based on the colour (5). Thus, colour determination continues to be of particular relevance. Melgarejo et al. (29) reported that throughout the development and ripening of Spanish Mollar de Elche cultivars, the aril colour changed from white to pinkish-red or red, while the skin of the fruit changed from green to yellow-green, and fi nally to brownish-yellow with reddish patches, a patt ern also observed in the present work (Figs. 1a and b) . The skin colour of Mollar de Elche cultivar during the four stages of ripening is described in Table 1 . In general, high standard deviations were obtained due to the high variability found in the skin colour of each fruit and among them.
The lowest values of L* (lightness) were observed at the beginning (64) and at the end of ripening (63), when the skin became darker. In contrast, higher values of L* (lighter skin) were obtained at the low-medium (70) and medium (68) ripening stages. Our results were diff erent from those reported by Fawole and Opara (28) for the Ruby cultivar where a decrease in L* values during ripening was observed, namely from 48.03 at 54 days aft er full According to the colourimetric maturity index (MIc) scale suggested by Manera et al. (5) , our pomegranates were in phases 3 and 4. More specifi cally, at low and low--medium ripening stages MIcs were equal to 7 and 13, respectively, indicating that pomegranates were in phase 3 (MIc=0-25). At medium and medium-high ripening stages the MIc values varied between 33 and 43, respectively, corresponding to phase 4, which must have a MIc higher than 25. These results indicated that at low and low-medium ripening stages, the fruits were still immature with yellowish-green colour, as observed in Fig. 1a . On the contrary, at medium and medium-high ripening stages, the fruits were ripe with yellow-reddish or red colour (Fig. 1a) .
Concerning pomegranate seeds, no signifi cant diff erences were found in moisture content among the four stages of ripening, varying between 48 (medium) and 54 % (at all other stages). The length of the seeds ranged between 6.3 and 7.6 mm (medium-high and low ripening stages, respectively) and the diameter between 2.8 and 3.1 mm (low and medium ripening stages, respectively). When comparing these results with those of Martínez et al. (30) for the same cultivar, similar results were obtained with lengths between 6.21 and 6.45 mm and diameters between 1.74 and 2.01 mm.
Chemical characteristics of pomegranate juice during ripening
The total soluble solid (TSS) content in the juice showed signifi cant diff erences among the four ripening stages ( Table 1 (12) , while analysing the Taifi cultivar, found lower pH values of the juice (3.39 to 3.57) than ours, which increased during ripening. Similar situation was also found by Fawole and Opara (27, 31) who observed a pH increase from 3.18 to 3.54-3.57 in Bhagwa cultivar, and from 3.30 to 3.62 in Ruby cultivar. Zarei et al. (13) also detected a pH increase from 2.65 (20 days aft er the fruit set) to 3.23 (140 days aft er the fruit set). Nevertheless, the high pH values obtained in our study may be due to the similar maturity indices of the pomegranates in this work (phases 3 and 4), with not much different pH values.
Total monomeric anthocyanin content of juice
Pomegranate juice is considered a good source of anthocyanins (glucosides and diglucosides of cyanidin, delphinidin and pelargonidin), responsible for the red colour of pomegranate arils (34) . The monomeric anthocyanin content in pomegranate juices varied during the ripening stages ( Table 1 ). The monomeric anthocyanin content ranged between 16.8 and 42.3 mg of Cy-3-G per 100 mL of juice in low-medium and medium ripening stages, respectively, although the highest content of anthocyanins was expected to be found at the medium-high ripening stage (21 mg per 100 mL of juice), once the juice continued to have a reddish colour (Fig. 1f) . Nevertheless, this situation was similar to Kulkarni and Aradhya (8) , who observed a rapid increase in anthocyanin content between days 20 and 80, the maximum reached in 100 days (138 mg per 100 g of arils), followed by a slight decrease. Our fi ndings are diff erent from those described by Fawole and Opara (27) of Bhagwa cultivar where high levels of anthocyanins in 100 mL of juice (from 0.01 to 48.61 mg of Cy--3-G in 2011 and 0.89 to 45.74 mg of Cy-3-G in 2012) were found. On the contrary, our results at the medium-high ripening stage were similar to Fawole and Opara's (27) of Ruby cultivar, with anthocyanin concentrations in 100 mL of juice of 0.20 to 24.23 mg of Cy-3-G in 2011 and 0.81 to 27.50 mg of Cy-3-G in 2012 during ripening. Such gradual increase was also described by Gil et al. (11) in the sweet Mollar cultivar, Fawole and Opara (31) in Bhagwa cultivar with an increase in the anthocyanin content between days 54 and 165 aft er full fl owering to a value close to 50 mg of Cy-3-G per 100 mL of juice, as well as Zarei et al. (13) from 3.68 to 24.42 mg of Cy-3-G per 100 g of juice (20 and 140 days aft er fruit set) in Rabbab-e-Fars cultivar. The small variation in anthocyanin values found in the present work may be due to the fact that pomegranates had only been collected on the basis of the skin colour, a parameter that may not be suffi cient to detect diff erences in chemical properties of the juice.
Flavonoid and hydrolysable tannin contents in the skin, pellicle, seeds and juice of pomegranate (cv. Mollar de Elche) during ripening
When comparing the levels of fl avonoids and hydrolysable tannins in diff erent pomegranate components (Table 2) , diff erences between them were detected. The skin was the one with the highest values of fl avonoids and hydrolysable tannins in most situations, followed by the pellicle. In the juice, hydrolysable tannins were not detected. These fi ndings are diff erent from those by Gil et al. (35) , who detected these compounds (417.3 mg/L) in juices from Wonderful cultivar. By comparing the contents of hydrolysable tannins of each pomegranate component during maturation, their decrease was observed in skin and pellicle but not in seeds.
Regarding fl avonoids, a decrease in their contents in pellicle and skin was found almost in all ripening stages. In the pellicle the fl avonoid content decreased about three times between low (667 mg of QE per g of extract) and medium-high (162 mg of QE per g of extract) ripening stages. In skin, a decrease of approx. 2 times was observed between low (821 mg of QE per g of extract) and medium--high (492 mg of QE per g of extract) ripening stages. By contrast, an increase in the concentration of these compounds was observed in seed and juice when comparing the low with medium-high ripening stages. In seeds, the highest values of fl avonoids were obtained in the medium and medium-high ripening stages, 2.9 and 2.7 mg of QE per g of extract, respectively. The juice extracted from the fruit at medium-high ripening stage had the highest content of fl avonoids (165 mg of QE per 100 mL). These results are diff erent from those described by Fawole and Opara (27, 31) , who observed a decrease in fl avonoids in juice during fruit ripening. More specifi cally, in the former study the fl avonoid values in 100 mL of juice de- (27) . In Ruby cultivar the fl avonoid levels in 100 mL of juice decreased from 752.18 to 397.27 mg of CAE in 2011 and from 529.19 to 309.93 mg of CAE in 2012. In the latt er study, the fl avonoid content in 100 mL of juice was approx. 1500 mg of CAE aft er 54 days, decreasing to a value below 500 mg of CAE in 165 days (31) . However, the diff erence observed between our work and these studies may be in the fact that MIc values of pomegranates used in this work corresponded to phases 3 and 4, which indicated that the analysed fruits were already in a more advanced ripening stage than those studied by Fawole and Opara (27, 31) , which had lower fl avonoid contents. Again, our study shows that only observing the changes in the skin colour may not be suffi cient to detect signifi cant diff erences in the chemical properties of juice.
Total phenolic content and antioxidant activity of the skin, pellicle, seeds and juice of pomegranate (cv. Mollar de Elche) during ripening
The highest values of total phenolic content were obtained in the extracts of skin and pellicle (Table 2) . Li et al. (36) had already reported that the pomegranate skin showed a higher antioxidant activity than pulp and seeds. According to Pande and Akoh (37) , this can be att ributed to its high content of tannins, especially punicalagin isomers. Phenolic compounds, including fl avonoids, anthocyanins and tannins, are referred to as the main group of antioxidant phytochemicals with interesting properties due to their biological activities and free radical scavenging capacity (16) .
When comparing the medium-high with the other ripening stages, it was found that the content of total phenols in the extracts of the skin and pellicle markedly decreased. By contrast, in seed extracts the last two ripening stages were those with the highest values of total phenols. In the juice, total phenols also increased from 811 (low ripening stage) to 1695 (medium-high ripening stage) mg of GAE per 100 mL, possibly as the result of an increase in the content of fl avonoids.
Regarding DPPH free radical scavenging activity and reducing power, it was found that the antioxidant activity of the skin, pellicle and seed extracts increased with the increase of extract concentration (data not shown). Observing the EC 50 values obtained for the DPPH free radical scavenging activity and reducing power (Table 2) , it was found that the seed extracts had the lowest antioxidant potential, since they showed the highest EC 50 values, which are inversely proportional to the antioxidant activity. The highest DPPH free radical scavenging capacity of the seeds (EC 50 =1.1 mg of seed extract per mL) was obtained in pomegranates at low ripening stage. Similar results were observed for the pellicle (EC 50 =0.0070 mg of pellicle extract per mL). The skin had the highest antioxidant activity in the two most advanced ripening stages. Similar behaviour was observed in the juice (Fig. 2a ). An increase of 17.4 % in the antioxidant activity of the juice was observed from the low to medium-high ripening stages. Our results are similar to those reported by Kulkarni and Aradhya (8) for the antioxidant activity measured by DPPH free radical scavenging capacity in pomegranate juice of Ganesh cultivar during ripening, where an increase of 10.6 % was observed between the days 60 and 80 of fruit development, remaining almost constant thereaft er.
Regarding reducing power ( Table 2 , Fig. 2b) , the lowest antioxidant activity was obtained at the medium-high ripening stage of pellicle (0.326 mg of pellicle extract per mL) and skin (0.057 mg of skin extract per mL), whereas in the seeds and juice the highest reducing power was observed at the medium and medium-high ripening stages.
Correlation among fl avonoid, hydrolysable tannin and total phenolic contents, DPPH radical scavenging activity and reducing power Table 3 shows the correlation among fl avonoid, hydrolysable tannin and total phenolic contents, DPPH radical scavenging activity and reducing power of the skin, pellicle and seeds, as well as juice. It was found that the contents of fl avonoids and hydrolysable tannins showed signifi cantly positive correlations with total phenolic content, namely 0.992 and 0.962, respectively. Negative correlations of the EC 50 values in DPPH and reducing power assays with fl avonoids and hydrolysable tannins were obtained, with slightly higher correlation values for the hydrolysable tannins. All of these results show the impor- tance of these compounds in antioxidant activity, as suggested by Elfalleh et al. (16) . Moreover, negative correlations between total phenolic content and EC 50 values in DPPH (-0.855) and reducing power (-0.831) assays were found, suggesting that the determined phenolic compounds have DPPH free radical scavenging capacity and reducing properties.
Similar results were obtained in the juice (Table 3) . A positive correlation between fl avonoid and total phenolic content (0.825) and negative correlations between fl avonoid and EC 50 values in DPPH (-0.586) and reducing power (-0.676) assays were determined, indicating that fl avonoids have an important role in the antioxidant properties of pomegranate juice.
Conclusions
As expected, the fruit mass and skin colour changed during pomegranate ripening. The lowest fruit mass was obtained in low ripening stages; however, the percentage of arils was always higher than 50 %. Regarding the skin colour, the greatest variations were observed in a* and h* values during fruit ripening. The a* values increased and h* decreased during ripening, indicating a reddish colour. The content of total soluble solids in the juice changed slightly, increasing from the lowest ripening stage towards the most advanced ripening stages.
The juices obtained from pomegranates at the lowest ripening stage had the lowest fl avonoid and total phenolic contents, DPPH free radical scavenging capacity and reducing power, but at higher ripening stages the antioxidant activity increased. In skin and pellicle, diff erences in fl avonoid and hydrolysable tannin contents were observed only at the highest ripening stage. Nevertheless, in general the skin and pellicle extracts of pomegranate had high levels of fl avonoids, tannins and antioxidant activity. Therefore, these by-products are still a potential source of antioxidants, as they may be preferred by consumers due to their natural origin. Accordingly, they may be valorised for the production of nutraceuticals or functional food ingredients. 
